The aim of this study is to evaluate the additional costs associated with calcium monitoring and treatment as well as evaluate the incidence and predictors of postthyroidectomy hypocalcemia. Methods. This case-control study involved thyroidectomy and completion thyroidectomy patients operated on between January 2012 and August 2013. Cases were defined as requiring calcitriol supplementation, and controls did not require supplementation. Patient (age, sex), nodule (cytology, pathology), surgical data (neck dissection, parathyroid identification, and reimplantation), and hospital stay (days hospitalized in total and after drain removal) were compared. Comparisons were made using -tests and chi-square tests with an alpha of 0.05. The estimated cost associated with the extended stay was then compared with the cost of supplementation. Results. A total of 191 patients were evaluated (61 cases and 130 controls). Predictors of hypocalcemia include female age, neck dissection, and parathyroid reimplantation. Hypocalcemic patients were hospitalized for a longer period of time after drain removal (2.5 versus 0.8 days, < 0.001), and hospitalization costs after neck drain removal were higher in this group as well (8,367.32$ versus 2,534.32$, < 0.001). Conclusion. Postoperative hypocalcemia incurs significant additional health care costs at both the local and health care system levels.
Introduction
As thyroid cancer has the most rapidly rising incidence rate of all major cancers in Canada [1] , surgeons will likely be performing an increasing number of thyroidectomies in the foreseeable future. One of the major complications following completion and total thyroidectomy is postoperative hypocalcemia [2] , which is mainly due to hypoparathyroidism when the parathyroid glands are put at risk of devascularization, with incidence rates of up to 33% being reported in centers where it is managed only on the basis of clinical observation and calcium monitoring [3] .
Although some research has focused on developing protocols and guidelines to reduce the incidence of postoperative hypocalcemia [4] [5] [6] , there is very little data on the economic impact of the monitoring and treatment of postthyroidectomy hypocalcemia in Canada.
The current standard of practice at our tertiary hospital center is of postoperative serum calcium monitoring and treatment of hypocalcemia when necessary. The aim of this study is to evaluate the incidence and the predictors of postoperative hypocalcemia following thyroid surgery as well as to evaluate the additional cost of prolonged hospitalization incurred by the surveillance and treatment of hypocalcemia.
Methods
We have conducted a retrospective cohort study on all patients undergoing total or completion thyroidectomy at our tertiary referral hospital center between January 2012 and 2 Advances in Endocrinology August 2013. Excluded patients were those receiving preoperative calcium and/or vitamin D supplementation and patients with chronic kidney disease, hyperparathyroidism, reexploration for recurrent goiter, and previous parathyroidectomy. Patients whose hospitalization had been prolonged from complications other than hypocalcemia (i.e., chyle leak) were also excluded. A flow diagram is presented in Figure 1 .
The standard protocol for total thyroidectomy at our center involves perioperative identification of both recurrent laryngeal nerves and surgical drain installation in all patients. Discharge from our department is granted upon drainage less than 20 cc in 24 hours. The postthyroidectomy hypocalcemia protocol at our center requires monitoring for Chvostek and We have collected patient (sex, age), nodule (cytology, pathology), and surgical (neck dissection, parathyroids identified, and parathyroid reimplantation) data.
The two main outcomes are the incidence of hypocalcemia and the number of days hospitalized. Hypocalcemia was defined by the need for calcitriol supplementation at hospital discharge. Permanent hypocalcemia was defined as hypocalcemia extending beyond six months postoperatively. The number of days hospitalized was evaluated as the total number of days and the number of days hospitalized following neck drain removal, which represents the added time required for monitoring and/or treatment of hypocalcemia.
Patients were divided into two groups: normocalcemic and hypocalcemic. Patient, nodule, and surgical data were compared between the two groups to identify predictors of hypocalcemia. Hospitalization following neck drain removal represents the additional time required for calcium monitoring in the normocalcemic group and the additional time required for hypocalcemia treatment in the hypocalcemic group. Hospitalization data was compared between groups to evaluate the additional hospitalization time incurred by hypocalcemia treatment. Total hospitalization cost was estimated based on an average hospitalization cost of 3336$/day on the ward. This value was obtained from our admissions department and only accounts for basic care giving expenses and blood tests on wards and excludes the intensive care unit.
Categorical variables were compared between groups using the chi-square, and hospitalization days and costs were compared using Student's -test. All analyses were conducted using SPSS 17.0 (SPSS, Chicago, IL) with a less than 0.05 considered statistically significant.
Results
A total of 191 patients were included. Patient and nodule details are presented in Table 1 . Of the 191 patients that underwent surgery, 31.9% (61 cases) developed hypocalcemia and 68.1% (130 controls) were normocalcemic. The incidence of postoperative hypocalcemia was 36.4% (51/140) in women and 24.4% (10/41) in men ( < 0.27). There were no statistically significant differences in mean age, cytology, or pathology between the two groups.
Operative characteristics are presented in Table 2 . The operative characteristics show a significantly higher percentage of neck dissections and parathyroid reimplantation in the hypocalcemic group. The number of parathyroids identified was similar between both groups with an average of a little over two (2.3 and 2.1, resp., in the normocalcemic and hypocalcemic group). As for the type of surgery, total thyroidectomies were slightly more prevalent in the hypocalcemic group.
Hospitalization details are presented in Table 3 . The hospitalization characteristics show statistically longer total number of days hospitalized (5.7 versus 3.1) and number of days hospitalized after drain removal (2.5 versus 0.8) in the hypocalcemic patients. Hospitalization following neck drain removal represents the additional time needed to monitor the calcium in the normocalcemic group and the additional time required for hypocalcemia treatment in the hypocalcemic group. <0.001 * Based on the average cost of one day of hospitalization on the ward.
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Discussion
Our findings show that predictors of postthyroidectomy hypocalcemia include female age, neck dissection, and parathyroid reimplantation. Hypocalcemic patients were hospitalized for a longer period of time after drain removal (2.5 versus 0.8 days, < 0.001), and hospitalization costs per patient after neck drain removal were higher in this group as well (8, 367 .35$ versus 2,534.33$, < 0.001). These additional costs, for both groups, are due to the monitoring and treatment of hypocalcemia, as we excluded other causes of prolonged hospitalization.
The incidence of transient and permanent hypocalcemia in our study is similar to what has been reported in the literature. Studies report transient hypocalcemia rates ranging from 7% to 25% and permanent from 0.4% to 13.8% [7] .
We have identified the same predictors of postthyroidectomy hypocalcemia as in the literature [8] . There is a higher percentage of patients who had neck dissections (31.1% versus 13.8%) and parathyroid reimplementation (27.9% versus 11.5%) in the hypocalcemic group and that difference is statistically significant. We have also found a higher proportion of women becoming hypocalcemic, which is well documented in the literature [9] . Our results do not show the type of surgery as one of the predictors, although there is a trend towards a higher percentage of total thyroidectomy in the hypocalcemic group. With a larger number of patients, that difference could have been statistically significant. Lastly, the high incidence of primary thyroid cancer in our cohort (148 malignant versus 43 benign) follows a trend seen in other recent and similarly designed studies [10, 11] .
We have successfully evaluated the incidence and the costs of monitoring and treatment of postthyroidectomy hypocalcemia in Canada. The main limitation of our study is that, to evaluate the additional costs incurred by the monitoring and treatment of hypocalcemia, we used an estimate based on the average cost of one day of hospitalization on the ward. The numbers provided to us by the hospital administration are those on the ward and are not pertaining to the intensive care unit. This estimate is accurate as the days of hospitalization after drain are only due to calcium monitoring and management, because we excluded all other causes of prolonged hospitalization. However, the added costs of missed work days, additional hospital visits, outpatient medication, and outpatient laboratory testing due to hypocalcemia were not accounted for and should be included should other investigators wish to evaluate all economic costs of hypocalcemia after thyroidectomy.
The importance of our study resides in showing that the monitoring and treatment of postthyroidectomy hypocalcemia incur significant health care costs. Some studies [3, 4, 6] have shown that supplementation protocols containing 4 Advances in Endocrinology calcium with or without calcitriol can prevent the hypocalcemia that occurs after a thyroid surgery. The first type of protocol is routine supplementation in which every patient is supplemented with progressive withdrawal when there are no symptoms of hypocalcemia [6] . Calcium supplementation is given to all patients following thyroidectomy with the addition of calcitriol for high-risk individuals. Second, selective protocols have been described where patients at high risk of hypoparathyroidism are prophylactically supplemented [5, 6, 12] . These protocols rely on the evaluation of preoperative, intraoperative, and/or postoperative PTH levels and require frequent blood sampling. Several PTH levels have been described for prophylactic supplementation: difference of 70% between pre-and 1-hour postoperative values, absolute intraoperative value, absolute 1-hour postoperative value, and absolute 4-hour postoperative value. A recent cost-utility analysis study has shown that selective protocols would cost slightly more than a routine protocol mainly due to the cost of frequent blood testing [12] .
Conclusion
We have shown that the monitoring and treatment of hypocalcemia incur significant health care costs at the hospital level, especially for the patients that become hypocalcemic. Hypocalcemic patients were hospitalized for a longer period of time after drain removal (2.5 versus 0.8 days, < 0.001), and hospitalization costs after neck drain removal were higher in this group as well (8, 367 .35$ versus 2,534.33$, < 0.001). Strategies to avoid prolonged hospital stays due to hypocalcemia must be instated. Future directions include the identification of the optimal protocol to reduce health care costs pertaining to postthyroidectomy hypocalcemia in the setting of limited resources in the health care system.
